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INTRODUCTION 
Pulmonary defense mechanisms are constantly challenged by 
potentially damaging environmental factors which may enter the 
lungs. These factors include: infectious organisms such as fungi, 
viruses, bacteria and helminths; allergens which include dust, 
pollen, chemicals and bacteria; and air pollutants such as cigarette 
smoke, CO, hydrocarbons and industrial materials including asbestos, 
silica, and beryllium (1). Pulmonary defense mechanisms against 
these environmental factors have been reviewed by Newhouse et al. 
(2, 3) and include aerodynamic filtration, tracheobronchial secretions, 
the mucal ciliary transport system and immunologic defense mechanisms. 
The immunological mechanisms can also be divided into local humoral 
mucosal immunity, mucosal secretory antibody function, cell mediated 
immunity and macrophage functions (3). 
Although respiratory disease is a significant problem in large 
animal husbandry, only a limited amount of work has been done on the 
respiratory tract immune system of large domestic animals. This is 
especially apparent for swine, with only a few papers published on 
the respiratory tract immune system of these animals. Bradley et al. 
(4, 5) described the distribution and composition of the respiratory 
tract lymphoid tissues of the pig. It is of interest that these 
authors found the porcine respiratory tract lymphoid tissues to be 
very similar to the human system. Charley (6), utilized pulmonary 
lavage fluids and cells to study the kinetics of humoral and cellular 
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local immune responses in swine following intranasal inoculation with 
influenza virus. The results of this investigation also indicated 
that the porcine local pulmonary cellular response and local antibody 
production were similar to those reported to occur in humans upon 
infection with influenza. 
Investigations dealing with swine alveolar macrophages (AM) are 
also very limited. Charley (6), found that 70% of the cells lavaged 
from swine lungs were AM, but no further mention of the AM was given. 
Williams (7) described the morphology, phagocytic capacities and 
long-term cultivation of swine AM collected at necropsy. Williams 
found that swine AM resembled the Afl of other animals in their 
heterogeneity of size, ability to adhere to plastic, capacity to 
phagocytize staphylococci and latex and their survival in culture. 
Like the swine respiratory tract immune lymphoid system and local 
antibody responses, the swine AM characteristics resembled those 
reported for human AM (8). 
Respiratory disease is a problem that is not limited to domestic 
animals. It has been estimated that more than 50% of acute human 
illnesses are due to acute respiratory diseases (9). Among the host 
defense mechanisms against these diseases, the AM is thought to play 
a central role (10). Because of its importance there is a considerable 
amount of information available regarding the function of AM, and the 
AM has been the subject of several recent reviews (2, 3, 8, 11, 12). 
However, most of the work done on AM have utilized small laboratory 
animals and the relevance of this data to human physiology is 
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uncertain (10). The recent widespread application of fiberoptic 
bronchoscopy has permitted the retrieval of human AM from normal 
subjects and patients with various diseases. By the use of this 
technique, it has become possible to compare normal human AM to AM 
from persons undergoing respiratory disease. However, most human 
pulmonary disease is not diagnosed until the chronic stage of the 
disease is apparent. Thus, human subjects representing the acute 
phases of pulmonary disease, may not be available as sources of AM. 
Therefore, most studies of human AM are limited to normal AM and the 
AM from persons in a chronic stage of disease. It is apparent that 
applicable animal models are still needed for the study of pulmonary 
defense mechanisms and in particular, to study the role of AM in the 
defense process. Thus, the swine lung may be an ideal model for study. 
The purpose of this investigation was to develop the swine model 
for the study of AM in both the normal steady state and during patho­
genesis of pulmonary disease. Such a model could be applied toward 
the study of human diseases as well as respiratory diseases of 
swi ne. 
Of central importance to the investigation was the development 
of a technique for obtaining AM consistently and in high purity. 
A technique developed by Dr. Richard L. Engen was adapted for use 
in obtaining AM from swine. The first section of the present study 
deals with the description of this technique. 
Since it is known that the AM is part of the mononuclear 
phagocyte system (13), it was of interest to determine the relationship 
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between swine AM and other swine macrophages. The second section of 
this study utilizes anti-swine AM serum to determine these cellular 
antigenic relationships. The third section of the present study 
deals with one of the most important functions of AM, the phagocytosis 
of particulate matter (14). The presence of Fc and complement 
receptors on AM and the roles of these receptors in the phagocytic 
process were examined. In addition, the modulation of the activities 
of the receptors was studied in Toxoplasma gondii infected animals 
and in swine undergoing a pulmonary granulomatus response. The 
final section of this investigation deals with the effects of the 
elicitation of a granulomatous response upon AM. The secretory 
capacities of the AM were studied as well as the morphological 
changes induced in the AM during the response. 
This thesis consists of an introduction, four separate manuscripts, 
a general summary and discussion, general references, and acknowl­
edgements. The Ph.D. candidate, Allen G. Harmsen was the senior author 
and principal investigator for each of the manuscripts. He also 
performed all of the experimental procedures reported in the manuscripts 
with only limited help from the co-authors. 
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PART I: A METHOD FOR OBTAINING SWINE ALVEOLAR MACROPHAGES BY 
SEGMENTAL PULMONARY LAVAGE 
This manuscript has been published in the Journal of 
Immunological Methods 27:199-202, 1979. 
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A method for obtaining swine alveolar macrophages 
by segmental pulmonary lavage 
Allen G. Harmsen, James R. Birmingham, 
Richard L. Engen and Edward L. Jeska 
From the Immunobiology Program, Veterinary Medical Research 
Institute (Harmsen, Birmingham, Jeska) and the Department 
of Veterinary Physiology and Pharmacology (Engen), Iowa State 
University, Ames, Iowa 
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ABSTRACT 
A technique for obtaining alveolar macrophages (AM) from 
anesthetized swine is described. Animals were intubated and 
segmental pulmonary lavage was performed utilizing a double lumen 
catheter (DLC). An average of 98% of the initial 100 ml lavage 
O 
fluid was recovered with a typical yield of 1 x 10 free alveolar 
cells (FAC). AM were then separated from other FAC by their adherence 
to plastic. The final adherent cell population consisted of >95% 
macrophage as determined by morphology and non-specific esterase activ­
ity. The technique described had no adverse effects on the animals 
even when repeated on the same animal several days later. 
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INTRODUCTION 
The importance of the lung as a target organ in various 
infections as well as allergic diseases has recently caused 
increased interest in immune responses of the lower respiratory 
tract. During these responses the AM is believed to play an 
important role and is probably the most significant cellular defense 
mechanism at the level of the alveolus (1). The ultrastructure, 
physiology, and in vitro interactions of these cells with bacteria, 
viruses, and tumor cells have been studied by numerous workers, but 
in general the AM used originated from small laboratory animals (2, 3, 
4, 5). Comparatively few studies have utilized AM from large domestic 
animals and these have required killing the animals in order to obtain 
the AM (1, 5, 7). 
The procedure described in this report was developed to follow 
the pathogenesis of respiratory disease in swine by allowing repeated 
FAC sampling of individual animals without killing them. 
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MATERIALS AND METHODS 
Animals Yorkshire and Yorkshire X Hampshire swine 20 to 30 kg 
and of both sexes were used. The animals were obtained from a 
closed herd at Veterinary Medical Research Institute, Ames, Iowa. 
Pulmonary lavage fluid The lavage fluid consisted of sterile 
PBS supplemented with 1.25% sodium citrate, and 50 ug gentamycin 
sulfate/ml (Schering, Corp., Kenilworth, New Jersey), 
Double lumen catheter A 65 cm long DLC was contructed by 
joining three Foley catheters (8FR, 3cc balloon, C. R, Bard, Inc., 
Murray Hill, New Jersey). A 16 gauge needle was then fitted into the 
adapter end and a fine piano wire was threaded through the length of the 
catheter for added rigidity. This catheter is essentially the same as 
that constructed by Engen (8) for pulmonary lavage of dogs. 
Segmental pulmonary lavage Swine were anesthetized with an 
i.v. injection of 4.5 mg Myothesia/kg (Beecham Laboratories, Bristol, 
Tennessee) and 1 mg Atropine/12 kg (Fort Dodge Laboratories, Inc., 
Fort Dodge, Iowa). The anesthetized animals were positioned on their 
ventral surface and the upper jaw was held up and back exposing the 
posterior oral cavity. The epiglottis was then reflected and the end 
of a cuffed, o.d. 9.3 mm, endotracheal tube (Rusch, West Germany) was 
inserted into the larynx. The tube was then gently rotated as the 
cuff was pushed beyond the vocal folds and the cuff was inflated with 
enough air to keep the tube in position. The animal was then placed 
in the right decubitus position. The DLC was moistened and passed 
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through the lumen of the endotracheal tube. Once the level of the 
segmental bronchi was reached slight resistance could be felt and 
the piano wire was removed. The DLC balloon was then slowly inflated 
and inflation was stopped as soon as air could no longer be aspirated 
from the lung through the DLC. 
After this wedge was formed twenty-five ml of lavage fluid was 
infused and aspirated. This process was repeated 3x with a total of 
100 ml of lavage fluid utilized per animal. Several animals were 
lavaged again 5 and 12 days after an initial lavage. 
The volume of aspirated fluid was measured and filtered through 
several layers of sterile cotton gauze to remove mucus clumps. The 
fluid was then poured into sterile 125 ml glass conical centrifuge 
tubes (Bellco, Vineland, New Jersey) and centrifuged at 200 g for 
10 min. The cell pellet was resuspended in medium 199 (GIBCO, Grand 
Island, New York) washed 2 more times and finally resuspended to 
5 X 10^ cells/ml of medium 199. Cell viability was determined by 
trypan blue dye exclusion and differential counts were made on smears 
stained with Wright's stain. 
Alveolar macrophages Two ml of the final cell suspensions were 
placed on 60 x 15 mm plastic tissue culture dishes (Falcon Plastics, 
Los Angeles, California) and incubated at 37°C in 5% COg for 3 hr. 
The cultures were then washed with medium 199 and again covered with 
medium 199 supplemented with fetal calf serum, 20% (GIBCO, Grand 
Island, New York) and 50 ug/ml gentamycin sulfate (Schering, Corp., 
Kenilworth, New Jersey). The cells were washed again at 12 and 24 hr. 
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After the final wash the supernatant was discarded and the plastic 
dishes allowed to air dry. The bottoms of the dishes were then 
removed and the nonspecific esterase activity of the remaining adherent 
cells determined by the method previously described (9), with naphthyl 
butyrate (Sigma Chemical Co., St. Louis, MO) as substrate. 
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RESULTS 
The results of the lavage fluid volume (LFV) and FAC recovered 
are given in Table 1.1. The LFV recovered ranged from 90-112% of the 
original volume and was opalescent due to the presence of alveolar 
lining material and FAC. Using 100 ml of lavage fluid an average of 
g 
1 X 10 FAC were recovered with approximately 60% of those being 
macrophages. The viability of FAC was consistently >95%. We have 
O 
increased our FAC yield to as high as 6 x 10 by increasing the LFV 
and by lavaging additional segments of the lung. 
Stained smears of FAC consisted primarily of AM and lymphocytes 
with few eosinophils, neutrophils and epithelial cells. These cell 
populations were similar to the cell populations described in the 
lavage fluid of small laboratory animals (10) and man (11). 
The cells remaining after 24 hr cultivation consisted of >95% 
macrophage as determined by their nonspecific esterase activity^ 
Approximately 70% of the AM in the recovered FAC were retained after 
the 24 hr incubation period. 
The number of RBC contaminating the FAC was consistently low, 
<5% of the total cells. A higher percent of RBC was indicative of 
capillary damage which most easily occurred from over inflation of 
the DLC balloon. Multiple lavages had no significant effects on 
cell populations recovered. 
Table 1.1. Lavage fluid volumes and free alveolar cell recoveries 
Percent of FAC® 
LFV^ml FAC^xlO^ AM LY EP EOS NEUT 
First lavage n=4 ggilO^ 13±4 55+7 38+5 2±1 1±1 5±3 
Second lavage® n=2 105±2 6+4 64+6 30±4 2+1 1±1 5+2 
Third lavage^ n=2 93±4 8±1 66±9 27+10 2+1 1+1 3±1 
Total n=8 98+7 10+3 60+6 33±5 2±1 1±1 5+2 
®AM = alveolar macrophages, LY = lymphocytes, EP = epithelial cells, 
EOS = eosinophils, NEUT = neutrophils w 
^LFV = lavage fluid volume returned. 
^FAC = free alveolar cells. 
^Mean percentages ± standard deviation. 
^Animals lavaged 5 days after initial lavage. 
^Animals lavaged 7 days after second lavage. 
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DISCUSSION 
The pulmonary lavage procedure described is an effective means 
for obtaining FAC from anesthetized swine. AM can then be separated 
from other FAC in high purity by their adherence to plastic. 
In order to be consistently successful with this technique 
there are several points that should be discussed. The first point 
concerns the proper anesthetization of the animal. If the animal 
is insufficiently anesthetized, it becomes difficult to position 
both the endotracheal tube and the DLC due to excessive coughing. 
Conversely, if the animal is placed in too deep an anesthesia the 
irritation of the lavage may cause respiratory distress. The final 
point of concern is the inflation of the DLC balloon. The balloon must 
be inflated slowly with constant testing of wedge formation by aspira­
tion. Usually a good wedge was formed before 2.2 ml of air had been 
injected into the balloon, but this volume will vary with animal size 
and the depth of the balloon in the airpassage. If overinflation 
occurs the resulting tissue damage will cause contamination of the 
lavage fluid with blood. Also, if the balloon is underinflated a 
proper wedge is not formed and the lavage fluid will escape that 
segment of the lung and will not be recovered. 
This procedure has the advantage of lavaging only a small segment 
of the lung which decreases the amount of airway contaminants recovered. 
Also, since this method does not require killing the animal multiple 
lavages can be performed on a single animal over a period of time. 
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This gives the procedure flexibility for many uses. In our laboratory 
we are currently utilizing this technique for obtaining swine AM for 
surface receptor assays, and for the production of anti-AM serum and 
for following changes in FAC during the development of pulmonary 
granuloma in swine. 
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PART II: THE ANTIGENIC SPECIFICITY OF ANTI-ALVEOLAR MACROPHAGE 
SERUM 
This manuscript will be submitted to the Journal of the 
Reticuloendothelial Society 
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The antigenic specificity of anti-alveolar 
macrophage serum 
Allen G. Harmsen, James R. Birmingham 
and Edward L. Jeska 
From the Immunobiology Program, Veterinary Medical Research 
Institute, Iowa State University, Ames, Iowa 
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ABSTRACT 
Anti-swine alveolar macrophage serum (AAMS) was produced in 
rabbits against purified alveolar macrophages (AM). The cytolytic 
activity against various swine phagocytes was determined before and 
after absorption of the AAMS with different swine cells. The AAMS 
was capable of detecting at least four antigens on AM: one was 
shared with RBC; a second was shared with WBC and Kupffer (K) 
cells; a third was shared with peritoneal macrophages (PM); and 
a fourth was confined to cultured monocytes (MON) and AM. The 
cytolytic activity of the AAMS was species specific and complement 
dependent. The antigenic relationship among swine mononuclear 
phagocytes and between these cells and cultured MON is discussed. 
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INTRODUCTION 
Antimacrophage serum (AMS) has been a useful tool in studying 
the diverse functional capacity of the macrophage. In vitro AMS 
has been shown to inhibit phagocytosis (1), decrease macrophage 
spreading on plastic (2), and to cause giant cell formation of 
cultured macrophages (3). In vivo use of AMS has caused enhancement 
of tumor growth (4), decreased carbon clearance (2), suppression of 
antibody production (5), and rendered mice more susceptible to 
herpes simplex virus (6). 
More recently, AMS has been used to detect specific surface 
antigens on macrophages. Kaplan and Mohanakumar (7) found a cell 
surface antigen on activated mouse peritoneal macrophages that was 
not present on normal mouse peritoneal macrophages. Other investigators 
have used AMS to detect either common or unique antigens found on 
macrophages of various tissue origins (8, 9, 10, 11) and of different 
species origin (12). However, variable results were obtained in many 
of these previous studies and for the most part were limited to small 
laboratory animals. 
The purpose of this investigation was to determine the antigenic 
relationship between cells of the porcine mononuclear phagocyte system. 
We produced an antialveolar macrophage serum against porcine AM since 
previous studies have been limited to small animals and since we have 
previously shown (13) that AM from this species can be obtained in 
21 
high numbers and high purity. Absorption of the antiserum with 
various swine phagocytic cells was utilized to demonstrate antigenic 
differences among porcine macrophages of different tissue origin. 
In addition, the species specificity of the AAMS was determined. 
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MATERIALS AND METHODS 
Animals Yorkshire and Yorkshire X Hampshire swine 20 to 
60 kg were obtained from the Swine Nutrition Farm, Iowa State Univer­
sity, Ames, lA. Outbred guinea pigs, mice and rabbits were obtained 
from Laboratory Animal Resources, Veterinary College, Iowa State 
University, Ames, lA. 
Swine alveolar macrophages Swine AM were obtained by pulmonary 
lavage as we previously described (13). Briefly, swine were anesthetized 
and an endotracheal tube was inserted. A double lumen catheter was 
passed through the endotracheal tube down to the level of the segmental 
bronchi. Several lobes of the lung were lavaged with a total of 500 ml 
of PBS with 1.25% sodium citrate. The lavage fluid was filtered through 
cheesecloth and washed 3x in medium 199 (GIBCO, Grand Island, NY). 
The cells were then cultured in medium 199 supplemented with PCS, 20% 
(GIBCO, Grand Island, NY) and 50 ug/ml gentamycin sulfate (Schering 
Corp., Kenilworth, NJ) as previously described (13). 
After 48 hours of cultivation and several washings, the remaining 
cells were >95% macrophages as determined by their morphology and 
nonspecific esterase activity (14). These cells were then incubated 
for 10 min with 12 mM lidocaine hydrochloride (Med-Tech, Elwood, KS) 
in medium 199 (15), scraped off the plastic with a rubber policeman 
and washed 3x in medium 199. 
Immunization of rabbits Two rabbits were each injected i.m. 
8 in each hindquarter with a total of 2.8 x 10 viable AM suspended 
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in 1.5 ml medium 199 and 1.5 ml Freund's Complete Adjuvant (GIBCO, 
Grand Island, NY), The rabbits were again injected i.m. at 2 and 4 
O 
weeks with a total of 1.4 x IC AM in 1.5 ml medium 199 and 1.5 ml 
Freund's Incomplete Adjuvant (GIBCO, Grand Island, NY). The two 
immunized and one normal rabbit were bled 2 weeks after the last 
injection and the serum was immediately heat inactivated for 30 min 
at 56°C and frozen. 
Absorption of antiserum Portions of the antiserum were 
absorbed with either swine RBC, swine peripheral WBC or with swine 
peritoneal exudate cells (PEC). All absorptions were done 3 times 
for 90 min each at 37°C with one part packed cells to 4 parts antiserum. 
For the RBC absorption, swine blood was centrifuged, the plasma 
and buffy coat removed and the RBC were washed 3x in medium 199. 
For the WBC absorption, heparinized swine blood was mixed with 
a 5% solution of dextran in PBS supplemented with 1.25% sodium citrate, 
at a blood-dextran PBS ratio of 2 to 1. After 15 minutes, the leukocyte 
rich plasma was collected, contaminating RBC were removed by hypotonic 
lysis and the cells were washed 3x in medium 199. 
For the PEC absorption, a 25 kg pig was injected i.p. with 100 ml 
sterile Marcol 52 oil (Exxon Co., Linden, NJ). Four days later the 
pig was anesthetized as described for pulmonary lavage. An 18 gauge 
needle was then used to perforate the skin and a teat cannula was inserted 
into the perforation and through the linea alba. Two liters of PBS 
with 1.25% sodium citrate was infused, the abdomen was massaged for 
5 min and the fluid was allowed to drain. Approximately 1800 ml of 
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fluid was recovered containing 2 x IcJ^ cells which were then washed 
3x in medium 199. 
Mouse and guinea pig cells Mouse and guinea pig AM were 
harvested utilizing a technique similar to that described by Myrvik 
et al. (16). Guinea pig WBC were obtained from blood taken by cardiac 
puncture and isolated with dextran-PBS utilizing the same procedure 
described for swine WBC. Guinea pig PEC were collected by peritoneal 
lavage. 
Swine Kupffer cells Swine liver Kupffer cells (K) were 
isolated by a modification of the procedure described by Munthe-Kaas 
et al. (17). Swine were anesthetized, exsanguinated and approximately 
5 gm of liver was then removed, trimmed of connective tissue, cut into 
3 pieces about 2 mm and washed 3x in medium 199. The remaining tissue 
was placed in a 125 ml siliconized Erlenmeyer flask containing 50 ml of 
medium 199 and 100 mg collagenase (Worthington, Freehold, NJ) and 
stirred on a magnetic stirrer at 37°C. After 20 minutes, 100 mg protease 
type V (Sigma, St. Louis, MO) was added and stirring was continued 
for an additional 30 min at 37°C. The resulting digest was filtered 
through cheesecloth, washed 4x with medium 199, and plated on Linbro 
24-well tissue culture plates (Linbro Division, Flow Laboratories, 
Hamden CT) at 4 x 10^ cells per well. The K cells were cultured for 
3 days as described for swine AM. 
Swine blood monocytes Swine blood monocytes (MON) were 
separated from heparinized blood by a Ficoll-Hypaque gradient 
(Pharmacia, Piscataway, NJ). The mononuclear cell fraction was 
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collected and plated on Linbro 24-well culture plates at 1 x 10® cells 
per well. The mononuclear cells were cultured for 3 days as described 
for swine AM. During this incubation period the lymphocytes were removed 
when the media were changed, leaving predominantly adherent monocytes. 
Cytotoxicity assay PEC and AM from both swine and guinea pigs 
as well as AM from mice were suspended in medium 199 and plated on 
5 Linbro 24-well culture plates at 2 x 10 cells per well and incubated 
2 hrs. At the end of their respective incubation periods, the above 
cultures as well as the K cell and MON cultures contained 95% 
nonspecific esterase positive adherent cells and were >90% viable 
as determined by trypan blue dye exclusion. 
The cytotoxicity assay is a modification of that described by 
Boyse et al. (18). The medium was removed from the wells and replaced 
with medium 199 containing five-fold serial dilutions of normal rabbit 
serum (NRS), AAMS or AAMS absorbed with either swine RBC, WBC, or PEC. 
The plates were then incubated at room temperature for 30 min. As a 
source of complement, fresh guinea pig serum was added at 50 ul/well 
and the plates were then incubated an additional 30 min at 37°C. 
At the end of the incubation period, 75 ul of isotonic 0.4% 
trypan blue was added to each well, incubated 1 min and the percentages 
of nonviable cells were determined by the use of an inverted microscope. 
The last well containing at least 75% stained cells was used as an 
end point in determining the cytotoxicity titer. 
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The test for determining the cytotoxicity of the various sera 
against swine WBC and RBC was essentially the same as that used for 
the adherent cells except that tubes were used in place of culture 
plates. Also, for the swine RBC test, the 50 ul of guinea pig 
serum added to the cells was first diluted 1/6 with medium 199 and 
the last tube to show near complete lysis of the RBC was taken as 
the end point in determining the cytotoxicity titer. 
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RESULTS 
The cytotoxicity titers of the rabbit sera before and after 
absorptions with various swine cells are given in Table 2.1. The 
NRS contained low levels of cytotoxicity to all the swine cells tested. 
This activity was apparently complement dependent and due to "natural" 
antibodies in the NRS which attached to antigenic sites present on 
the cell surfaces (19). 
The unabsorbed AAMS was lytic to swine AM, PM, RBC, WBC, K cells, 
and MON. This cytotoxicity was probably complement dependent since 
the addition of heat inactivated guinea pig serum in place of fresh 
serum produced no cytotoxicity. 
Absorption of the AAMS with swine RBC had little effect on cell 
cytotoxicity with only the activity against RBC being absorbed. 
Absorption with swine WBC not only removed anti-WBC activity, but also 
the activity against swine RBC, and K cells. After absorption with 
swine PEC, the activity was removed against all cells tested except 
swine AM and cultured MON. 
The cytotoxicity titers of NRS and AAMS against mouse and guinea 
pig cells are presented in Table 2.2. The NRS contained low activity 
against both guinea pig and mouse AM. The AAMS showed no appreciable 
difference from the NRS in its cytotoxicity against the mouse and 
guinea pig cells. 
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Table 2.1. Cytotoxicity titers of NRS, AAMS and absorbed AAMS 
Swine Target Cells^ 
RBC WBC K PM MON AM 
AAMS^ (unabsorbed) 3.4^ 3.9 3.7 3.9 4.4 4.7 
AAMS 
(RBC absorbed) 0.0 3.8 3.4 3.8 3.8 4.4 
AAMS 
(WBC absorbed) 0.0 0.0 0.1 2.8 3.8 4.2 
AAMS 
(PEC absorbed) 0.0 0.0 0.0 0.0 3.9 3.9 
NRS^ (unabsorbed) 0.9 0.4 0.4 0.4 0.4 0.4 
^RBC = red blood cell, WBC = white blood cell, 
K = Kupffer cells, PM = peritoneal macrophages, MON = cultured 
monocytes, AM = alveolar macrophages, PEC = peritoneal exudate 
cells. 
^AAMS = Anti-swine alveolar macrophage serum. 
^Titers expressed as the geometric mean of log 5 of the 
reciprocal of fivefold dilutions. 
^NRS = normal rabbit serum. 
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Table 2.2. Cytotoxicity titers of NRS and AAMS against mouse and 
guinea pig cells 
Target Cells* 
Guinea Pig Mouse 
WBC PM AM AM 
AAMS^ o
 
o
 o
 
0.0 0.8 1.4 
NRS^ 0.0 0.0 0.4 1.4 
*WBC = white blood cells, PM = peritoneal macrophages, 
AM = alveolar macrophages. 
^AAMS = anti-swine alveolar macrophage serum. 
^Titers expressed as the geometric mean of log 5 of the 
reciprocal of fivefold dilutions. 
^NRS = normal rabbit serum. 
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DISCUSSION 
The results indicate that the AAMS could detect at least four 
antigens on swine AM: one was shared with RBC; a second was shared 
with WBC and K cells; a third was shared with PM; and a fourth was 
confined to MON and AM. 
The sharing of common antigens between macrophages and other 
cell types was also reported by Tiller et al. (20). These workers 
could detect at least 3 antigens on mouse PM: one was shared with 
lymphocytes; another with granulocytes; and the last with some AM 
and bone marrow cells, but was not present on K cells. 
In our experiments, absorption of the crude AAMS with RBC 
removed only the activity against RBC and left nearly all of the 
activity against swine AM, WBC, K, PM, and MON. It was not surprising 
to find that these cells, most of which are phagocytes, share antigenic 
determinants not found on RBC. For example, these cell types are 
known to have Fc and complement receptors and it is possible that 
these receptors can serve as common antigens. We have observed that 
the AAMS inhibits the resetting of IgG opsonized sheep RBC with swine 
AM (unpublished observations). However, this inhibition may not be 
due to antibodies against the Fc receptor, but could be due to steric 
hindrance from antibodies reacting with antigens near the Fc receptor. 
It is of interest that the AAMS detected shared antigens between 
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PM, K, AM, and MON. All of these cells are considered to be part of 
the mononuclear phagocyte system, which apparently originate from 
blood monocytes (21). In two separate investigations (10, 20), AMS 
could not detect antigens on freshly isolated MON and Feldman et al. 
(22) found that only 10% of these same cells reacted with anti-guinea 
pig peritoneal macrophage serum. In our experiments, AM and MON were 
found to share at least one antigen. However, in our system the MON 
had been cultured for 3 days. Since it is known that morphological, 
physiological (23) and possibly antigenic (8) changes occur in MON in 
culture, it is possible that our MON exhibited antigens not present 
on circulating MON. 
The inability to absorb out the common activity between MON and 
AM may suggest that AM are antigenically more related to MON than are 
PM or K cells. However, our antiserum was produced against AM and was 
thus capable of detecting those antigens unique to both AM and MON 
while not capable of detecting those antigens unique to both PM and 
MON or K cells and MON only. It would be of interest to produce anti-
sera to AM, PM and K cells and then to compare the relative anti­
genicity of the respective cells with MON. 
Martinez and Montfort (10) were able to detect specific antigens 
on "fixed tissue macrophages" (AM, K cell) not found on "free tissue 
macrophages" (PM, MON). In our study, we could not detect such 
differences since we found antigens conrnon to all of the above cells 
as well as antigens unique to PM (free tissue) and AM (fixed tissue). 
Our results show that the AAMS could detect antigens on swine 
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phagocytes not found on guinea pig or mouse cells. This is similar 
to the results of Peterson et al. (12) who could not detect cross-
reactivity between mouse and guinea pig macrophages. However, one 
study (20) did find cross-reactivity between rodent macrophages of 
different species. It is possible that closely related species share 
common macrophage antigens but such sharing may not occur between 
such distant species as mice and swine. 
We have shown that AAMS can detect antigens on swine mononuclear 
phagocytes, not found on rodent macrophages. In addition, an anti­
genic relationship between swine mononuclear phagocytes and particularly 
between swine AM and MON was established. 
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ABSTRACT 
The presence of IgM, IgG and complement (C) receptors on porcine 
alveolar macrophages (AM) from normal, Freund's Complete Adjuvant 
(FCA) injected and Toxoplasma gondii infected swine was examined in 
parallel. Approximately 90% of the AM from each of the three groups 
of animals formed rosettes with IgG-coated sheep erythrocytes (sRBC). 
The percentages of cells forming rosettes with C-coated sRBC were 
23% of the normal AM, 67% of the AM from FCA injected animals and 72% 
of the AM from the gondii infected animals. Receptors for IgM 
were not found on any of the AM. In addition, the opsonic roles of 
IgG and C in the phagocytosis of SRBC were studied. We found IgG 
capable of mediating both the attachment of and endocytosis of sRBC. 
In the absence of IgG, C mediated attachment only, however, C could 
act synergistically with IgG in triggering endocytosis of sRBC. 
Although the percent of AM with C receptors increased after FCA 
injection and T_. gondii infection, this increase had no effect on 
the role of C in the phagocytosis of sRBC. 
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INTRODUCTION 
Among the pulmonary defense mechanisms against respirable 
particles, the phagocytic potential of the AM is of major importance 
(1). The phagocytic effectiveness of AM is influenced by a variety 
of conditions including inflammatory processes in the lungs, acute 
and chronic systemic diseases and air pollutants (2). Other factors 
which determine phagocytic effectiveness are C and Fc receptors which 
mediate particle attachment and endocytosis by macrophages (3), It 
has been shown that the cellular density and affinity of these recep­
tors changes with various pathogenic states within the lungs (4, 5). 
There is also evidence that the roles played by C and Fc receptors in 
phagocytosis may be altered with the activation state of the macrophage. 
Bianco et al. (6) have found that in normal macrophages the Fc recep­
tors mediated both attachment and endocytosis of IgG-coated particles 
and that C receptors mediated only the attachment of C coated particles. 
However, these same investigators found that in activated macrophages, 
C receptors could mediate both attachment and endocytosis of C coated 
particles. 
The purpose of this investigation was to determine the number 
of normal porcine AM expressing C and Fc receptors and to determine 
the importance of these receptors in the endocytosis of C and IgG-
coated sRBC. In addition, modulation of the activities of these 
receptors on AM from swine injected with FCA or infected with J_. gondii 
were determined. FCA injection and T_. gondii infection were chosen 
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as treatments since both were shown to cause AM activation (7, 8) and 
the former was also shown to increase IgG binding sites on rabbit 
AM (7). The porcine system was employed since most work on AM surface 
receptor modulation has been done utilizing small laboratory animals. 
Also, we have previously shown that AM can repeatedly be obtained 
from swine by segmental pulmonary lavage (9). This technique made 
it possible to obtain AM before and during experimentally induced 
pulmonary pathogenesis. 
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MATERIALS AND METHODS 
Animals Yorkshire and Yorkshire X Hampshire swine 20 to 
30 kg were obtained from the Swine Nutrition Farm, Iowa State Univer­
sity, Ames, Iowa. Outbred and DBA mice were obtained from breeding 
colonies at the Veterinary Medical Research Institute, Iowa State 
University, Ames, Iowa. 
Porcine alveolar macrophages One group of swine was injected 
i.v. with 2.8 ml of Freund's Complete Adjuvant (GIBCO, Grand Island, 
NY). AM were collected from these animals 5, 14, 21 and 28 days after 
the injection of FCA. 
Porcine AM from normal and FCA injected animals were obtained 
by segmental pulmonary lavage as we previously described (9). Briefly, 
swine were anesthetized and an endotracheal tube was inserted. A 
double lumen catheter was then passed through the endotracheal tube 
down to the level of the segmental bronchi and the lung was lavaged 
with PBS. 
Lungs of swine infected 7, 14, 21 and 28 days previously with 
1_. gondii were supplied by Dr. William J. Zimmermann, Veterinary 
Medical Research Institute, Iowa State University, Ames, Iowa. The 
excised lungs were lavaged immediately with PBS. 
Lavage fluids were filtered through cheesecloth and the free 
alveolar cells were isolated by centrifugation, washed 3 x in medium 
199 (GIBCO, Grand Island, NY) and suspended to a final concentration 
5 
of 4 X 10 cells per ml of medium 199. 
42 
One-half ml of the cell suspension was added to each well of 
Linbro 24-well tissue culture plates (Linbro Division, Flow Labora­
tories, Hamden, CT). The plates were incubated 2 hr in 5% COg at 
37°C and the nonadherent cells were removed with several rinses with 
medium 199. 
Preparation of sensitized erythrocytes Suspensions of sRBC 
in Alsever's solution were washed 5x in medium 199 and suspended to a 
final 1% v/v concentration. Erythrocyte-IgG (EAg) and erythrocyte-IgM 
(EA^) complexes were produced by incubating equal volumes of washed 
sRBC with rabbit IgG or IgM anti-sRBC serum (Cordis Laboratories, 
Miami, FL) diluted to a final subagglutinating titer with medium 199. 
For the production of erythrocyte-IgG-C (EAgC) and erythrocyte-IgM-C 
(EA^C) complexes 67 ul of fresh mouse serum was added to each ml 
of the respective erythrocyte-antibody mixtures. Unsensitized sRBC 
(E) were obtained by diluting the washed sRBC to a 0.5% v/v concentra­
tion. The above mixtures were incubated for 30 min at 37°C and an 
additional 30 min at 4°C. The variously sensitized sRBC were washed 
and resuspended to a final 0.5% v/v concentration in medium 199 and 
used immediately in the rosette and phagocytosis assays. 
Rosette and endocytosis assays One-half ml of the variously 
sensitized sRBC were added to wells of duplicate culture plates 
containing the adherent AM. For the rosette assay, the plates were 
incubated 30 min at 37°C. At the end of this time the unattached 
sRBC were carefully rinsed away and the remaining cells fixed with 
2.5% glutaraldehyde in PBS for 30 min. The plates were then post 
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fixed in neutral formalin fixative and stained with Wright's Stain. 
For the endocytosis assay, the AM and sRBC were incubated for 
45 min, unattached -sRBC were rinsed away and the reamaining sRBC 
lysed with 0.75% ammonium chloride. This treatment lyses only those 
cells which have not been endocytized by the AM. The AM were then 
fixed and stained as described for the rosette assay. 
After staining the well bottoms were cut out, mounted on glass 
slides and viewed under oil immersion. For the rosette assay, a total 
of 300 cells were counted and the number of macrophages with at least 
5 adherent sRBC were recorded as positive. For the endocytosis assay, 
the number of cells which endocytized at least one sRBC as well as 
the total number of sRBC endocytized by a total of 300 cells was 
recorded. 
The significance of differences between means was calculated 
by the Student's t test. 
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RESULTS 
The i.v. injection of FCA results in a necrotizing granulomatous 
response in the lungs of swine within 21 days (unpublished observations). 
Free alveolar cells lavaged at this time consisted of approximately 
54% AM, 24% lymphocytes and 22% heterophilic cells. In the T. gondii 
infected animals, lavaged cells were essentially the same as those 
from normal swine consisting of 62% AM, 33% lymphocytes and 5% hetero­
phil ic cells. 
The adherent cells from the normal and %. gondii infected swine 
were >95% macrophage as determined by their morphology and nonspecific 
esterase activity (10). Cells from FCA injected swine were >85% 
macrophage as determined by the same criteria. The contaminating cells 
were predominantly eosinophils and neutrophils which were easily 
distinguished from AM in the Wright's stained preparations when 
enumerating rosettes and endocytosis. 
Fc and complement receptors As seen in Figure 3.1, the percent 
of normal Af-I forming rosettes with EA^ and EA^C was approximately 
90% and was not significantly different from the percentages obtained 
from FCA and %. gondii AM. However, only 23% of the normal AM formed 
rosettes with EA^C and this percentage was increased significantly 
in the AM from FCA injected (p<.005) and in the AM of gondii infected 
(p<.001) swine 44% and 49%, respectively. In several experiments, the 
percentages of AM forming rosettes with E or EA^ were as high as 70%. 
However, in the greater majority of experiments E or EAm - AM rosettes 
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were not observed. Macrophage - E and macrophage - EA^ rosettes 
have been reported by several investigators (11, 12) and, in the 
present investigation, may have been due to naturally-occurring 
cytophilic antibody (12). Statistically, the means of E and EA^ 
are not different from zero, thus the rosettes formed between the 
EA^C and AM were probably due to the presence of C. 
The increases in EA^C-AM rosettes from the FCA and T. gondii 
groups of animals were apparent by the seventh day after initiation 
of treatment and remained elevated for at least 28 days (results not 
shown). 
Endocytosis of opsonized sRBC Figure 3.2 shows that AM from 
all three groups of animals endocytized only those sRBC opsonized 
with IgG. Neither E, EA^ nor EA^C were endocytized by any of the AM. 
Although C by itself (EA^C) could not trigger endocytosis, twice the 
number (p<.001) of C-IgG-coated sRBC (EA^C) were endocytized by normal 
AM as compared to sRBC coated with IgG only (EA^). This synergistic 
effect was also apparent within the AM from FCA injected (p<.001) and 
gondii infected animals (p<.001) with 2 and 3 fold increases, 
respectively, in the endocytosis of EA^C over EAg. 
Table 3.1 shows that 21% of the normal AM endocytized an average 
of 2.3 EAg and that neither FCA injection nor T. gondii infection 
changed these results. Twenty-nine percent of both normal and %. gondii 
AM endocytized EA^C, however, the number of EA^C endocytized by each 
AM from the 1_. gondii infected group was higher (p<.005) than that 
endocytized by normal AM. Differences in the number of EA^C endocytized 
Figure 3. 1. Percentages of Af^ from normal, FCA injected 
and X- gondii infected animals which formed rosettes 
with variously sensitized erythrocytes. Erythrocyte 
(E), Erythrocyte-IgM (EM^^, Erythrocyte-IgG (EA^), 
Erythrocyte-IgM-C (EA^C) and Erythrocyte-IgG-C 
(EAgC). Bars represent means ± standard deviations. 
Figure 3. 2. Number of variously sensitized erythrocytes 
phagocytized by AM from normal, FCA injected and 
T. gondii infected animals. Erythrocyte (E), 
Erythrocyte-IgM (EA^)» Erythrocyte-IgG (EAg), 
Erythrocyte-IgM-C (EA^C), and Erythrocyte-IgG-C 
(EAgC). Bars represent means ± standard deviations. 
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Table 3.1. Endocytosis of sheep RBC by AM 
EAg EAgC 
AM %AM® EAg/AM^ %AM^ EAgC/AM^ 
Normal n=5 21±3® 2.3+0.3 29+5 3.4+0.2 
FCA^ 5 day n=3 20±1 2.3+0.5 24+4 3.7±0.4 
14 day n=4 17±2 2.1±0.3 21±2 3.9±1.0 
21 day n=4 19±2 2.1±0.4 19+1 4.2±0.7 
T. gondii^ 
7-28 days n=6 19±2 2.2±0.4 29±5 4.8+0.9 
Percentage of AM which phagocytized at least one EA„. 
b Number of EAQ phagocytized per AM. 
^Percentage of AM which phagocytized at least one EApC. 
d Number of EA^C phagocytized per AM. 
^Numbers represent means + standard deviations. 
^AM collected from swine inject 5, 14 and 21 days previously. 
^AM collected from swine infected 7 to 28 days previously with 1_. gondii. 
49 
by AM from normal and FCA injected swine were not as great (p<0.1). 
The only treatment induced change in the percentage of AM which 
endocytized sRBC was caused by FCA injection. After 21 days, only 
19% of the AM from the FCA injected animals endocytized EAgC which 
was a significant change (p<.005) from the 29% observed in the 
normal AM. 
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DISCUSSION 
In the present investigation, we utilized antibody and C 
opsonized sRBC to demonstrate Fc and C receptors on porcine AM. 
Our results indicate that 90% of the porcine AM have receptors for 
IgG. This is similar to the percentages of AM exhibiting IgG 
receptors found in guinea pigs (13), rabbits (5) and humans (14), 
We also found that approximately 23% of the porcine AM exhibited the 
presence of C receptors which is similar to the percent of AM with 
C receptors found in guinea pigs (15) but is lower than the 93% 
and 80% reported for rabbit and human AM (14). 
The modulation of C and Fc receptors on AM from swine injected 
i.v. with FCA or infected with J_. gondii were also investigated. 
Both treatments resulted in about 45% increases in C receptor 
activity while the percentage of the AM exhibiting IgG receptors 
remained constant. Montarroso and Myrvik (5) found 20% increases 
in AM IgG and C receptor activities in rabbits injected i.v. with 
BCG in oil. Other investigators have found that the activity of 
AM IgG receptors remains constant while C receptor activity was 
altered by such conditions as hyperoxia in guinea pigs (15) and 
pulmonary diseases and smoking in man (15, 4). .It is not clear 
from our experiments whether the increase of C receptor activity 
was due to increases in affinity, numbers of receptors per AM or to 
increases in the actual percent of AM exhibiting C receptors. Examples 
of increased affinity or numbers of receptors have been previously 
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described (11); however, we believe that increases in C receptor 
positive cells accounted for the changes we saw with FCA and T. 
qondii treatments. In the normal steady state, monocytes move 
from the capillaries to the alveolus and during this movement lose 
C receptors (16). Presumably, during an inflammatory response the 
monocytic influx is accelerated. Since we have observed that 90% 
of swine monocytes have C receptors (unpublished results), the 
increases in C receptor activity in this experiment could have been 
due to relative increases in the alveolus of monocytes which have 
not yet lost their C receptors. 
The results from the rosette assays indicated that porcine AM 
have C and IgG receptors and that both IgG and C could independently 
mediate the attachment of sRBC to the AM. To investigate the capacity 
of IgG and C to trigger endocytosis, AM were incubated with variously 
opsonized sRBC and the non-endocytized sRBC were removed by hypotonic 
lysis. The results indicate that only sRBC opsonized with IgG were 
endocytized. By itself C could not trigger endocytosis as demonstrated 
by the lact of endocytosis of EA^C. However, C did exhibit a 
synergistic effect with IgG as seen by the elevated endocytosis of 
EAgC over EAg. Similar results for the roles of C and IgG in 
triggering endocytosis have also been described for human monocytes 
(17), human AM (18) and normal mouse peritoneal macrophages (6). 
Neither FCA injection nor 1_. gondii infection changed the 
capacity of C to independently trigger endocytosis, even when AM 
exhibiting C receptors was elevated to 94%. These results differ 
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from those reported by Bianco et al. (6) who found that stimulated 
mouse peritoneal macrophages could ingest EA^C. 
It is also of interest that only 21% of the normal AM endocytized 
EAg even though approximately 90% of those AM formed rosettes with 
the EAg. This suggests functional heterogeneity within the AM 
population since some AM formed only rosettes, some exhibited both 
rosettes and endocytosis and some AM were unreactive in both. It 
was also found that 29% of the normal AM phagocytized EA^C. Although 
this percentage did not change after gondii infection, FCA injection 
caused a significant drop to 19%. It is possible that the granulomatous 
response to FCA caused a shift of AM subpopulations. However, it 
is also possible that the local pulmonary environment could have 
altered the AM surface or affected the cellular metabolism resulting 
in fewer AM with the capacity to endocytize EA^C. Functional 
heterogeniety within macrophage populations has been suggested by 
Walker (19) and several other investigators (11, 3) and is an area 
that deserves more investigation. 
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ABSTRACT 
The in vitro release of plasminogen activator (PA) and 
the formation of multinucleated giant cells (MGC) by porcine 
alveolar macrophages (AM) were studied. Swine were injected i.v. 
with Freund's Complete Adjuvant (FCA) which elicited a reaction 
morphologically similar to a hypersensitivity type pulmonary 
granulomatous response. Free alveolar cells obtained by lavage 
during the response reflected the types of cells infiltrating the 
interstitial spaces of the lungs at the time. Cultures of the 
lavaged cells yielded populations of AM and AM which had fused 
to form MGC. The cultures of AM containing MGC were shown to 
secrete large quantities of PA and lysozyme. The in vitro release 
of these enzymes suggests that both AM and MGC may function as 
secretory cells during granuloma formation. In addition, it was 
found that phagocytosis of zymosan accelerated and intensified the 
fusion of AM to form MGC. 
The AM is part of the mononuclear phagocyte system and is 
found in the alveolar airspaces and interstitial spaces of the 
lungs. Recent evidence suggests that AM are derived from blood 
monocytes which emigrate into the alveolus where they assume typical 
characteristics of AM (1). Within the alveolus, the AM can undergo 
additional changes through activation by lymphokines in response 
to immunologic irritants (2). It has been shown that AM can undergo 
functional (3) and morphological (4) changes during the pathogenesis 
of pulmonary granulomata. Evidence exists that the epitheloid cells 
and MGC found in inflammatory granulomata are derived by the trans­
formation of macrophages (5, 6, 7). Although the epitheloid cell 
and MGC are among the most common cell types in hypersensitivity 
granulomata, little is known of the roles these cells play in the 
response (5). It has been shown that although epitheloid cells 
demonstrate poor phagocytic capacities, they are very active in 
pinocytosis and extracellular secretion of digestive enzymes (7). 
Therefore, it is possible that epitheloid cells play a role in the 
granulomatous process by the extracellular dissolution of the 
irritants (5, 7). The role of MGC in inflammatory granulomata is 
less clear. It has been suggested that MGC formation is a means for 
the disposal of altered or effete cells through phagocytosis (7). 
However, it has been shown that MGC display reduced phagocytic 
efficiency when compared to macrophages (3) and thus, it is unlikely 
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that MGC function primarily in this capacity (6). Another possible 
role of MGC in granulomata is that of a large, physical, protoplasmic 
barrier between an irritant and the rest of the organism (6). 
Recently, several investigators have suggested a secretory role for 
MGC. Lysozyme has been cytochemically identified in MGC (8, 9) 
and it was suggested that secretion of lysozyme by MGC may cause the 
elevated serum lysozyme demonstrated in human sarcoidosis (9). 
However, the selective in vitro release of intracellular enzymes by 
MGC has only been documented in one study (10). In addition, the 
interpretation of the results of the above study was hampered by 
the utilization of relatively unpure populations of MGC as well as 
by an enzyme secretion observation time of only 6 hours. 
The purpose of this investigation was to determine the secretory 
capacities of AM and of MGC collected from animals undergoing a 
pulmonary granulomatous response. Swine AM obtained from the lungs of 
animals after i.v. injection of FCA fused in vitro and served as the 
source of MGC. Cultures of normal AM and cultures containing MGC 
were assayed for the daily release of PA and lysozyme over a 10 day 
period. The formation of MGC and their secretory capacities were 
then correlated with in vivo histopathological changes induced by 
the i.v. injection of the FCA. In addition, the effect of phagocytosis 
of zymosan on MGC formation and enzyme secretion was studied. 
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MATERIALS AND METHODS 
Animals Yorkshire and Yorkshire X Hampshire swine 20 to 30 kg 
were obtained from the Swine Nutrition Farm, Iowa State University, 
Ames, Iowa. 
Porcine alveolar macrophages One group of swine was injected 
i.v. with 2.8 ml of Freund's Complete Adjuvant (GIBCO, Grand Island, 
NY). Animals were then killed 2, 7, 14 and 21 days after FCA in­
jection. Lung tissues were taken from these animals at necropsy and 
processed for routine histopathological observations. Two other 
animals were first subjected to segmental pulmonary lavage,then 
injected i.v. with FCA, and again lavaged 7, 14, 21 and 28 days later. 
Segmental pulmonary lavage was used to obtain porcine AM as 
we previously described (11). Briefly, swine were anesthetized and 
an endotracheal tube was inserted. A double lumen catheter was then 
passed through the endotracheal tube down to the level of the 
segmental bronchi and the lung was lavaged with PBS. 
Lavaged fluids were filtered through several layers of cheese­
cloth and the free alveolar cells were isolated by centrifugation, 
washed 3x in medium 199 (GIBCO, Grand Island, NY) and suspended 
to a final concentration of 4 x 10^ AM per ml of medium 199. Some 
of the cells were used to make smears which were stained with Wright's 
stain. 
Alveolar macrophage cultures One and one-half ml of the final 
cell suspensions were placed on 35 x 10 mm tissue culture dishes 
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(Falcon, Oxnard, CA) and incubated at 37°C in 5% COg for 2 hr. 
The cultures were then rinsed several times with medium 199 and 
covered with 1.5 ml of incubation medium. The incubation medium 
consisted of medium 199 supplemented with 50 ug/ml gentamycin sulfate 
(Schering, Corp., Kenilworth, NJ), 25 mM Hepes buffer (Sigma, St. Louis, 
MO) and acid treated swine sera (12) at a final 5% (v/v) concentration. 
After 24 hours of incubation some of the AM cultures were covered 
with 1.5 ml of a suspension of 1 mg/ml zymosan (13) (Sigma, St. 
Louis, MO) in incubation medium. The AM were allowed to phagocytize 
the zymosan for 1 hour after which time the plates were rinsed and 
again covered with incubation medium. Culture media from the 
untreated AM and zymosan treated AM were collected and replaced with 
fresh incubation medium daily. Some of the culture plates were 
fixed and stained with Wright's Stain after 3, 5, 7 and 10 days of 
culture. 
Cytochemical assays Two hour old and 5 day old cultures were 
rinsed with PBS and stained for acid phosphatase (14) and nonspecific 
esterase (15). After staining» the bottoms of the dishes were cut out, 
viewed under oil emersion and the relative enzyme activity was 
determined. 
Secretory enzyme assays The assay method for PA secretion 
was performed essentially as described by Granelli-Piperno and 
Reich (16). Fibrin-agar plates were prepared by using the following 
solutions: (a) 1.5 gm agar boiled for 20 min in 90 ml of 0.1 M 
Tris-HCl buffer, pH 7.8, with 0.85% NaCl; (b) 400 mg fibrinogen. 
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90% clottable, (Sigma, St. Louis, MO) and 75 mg sodium azide 
dissolved in 60 ml of the Tris-HCl buffer; (c) 3 mg plasminogen and 
15 units thrombin (Sigma, St. Louis, MO) in 1 ml of Tris-HCl buffer. 
The agar solution (a) was cooled to 57°C and solutions b and c 
were quickly added, mixed well and 15 ml aliquots of the mixture 
were quickly poured into 100 mm plastic petri dishes (Scientific 
Products, McGraw Park, IL). The agar was then allowed to form a 
firm gel and 5 mm diameter wells were cut into the agar with a cork 
borer. The resulting plates were used immediately. 
The wells in the agar-fibrin plates were then filled with 40 ul 
of harvested culture media, the media were allowed to diffuse into 
the agar for 2 hours and the wells were filled with an additional 
40 ul. The agar-fibrin plates were incubated in a sealed moisture 
chamber at 37°C. After 24 hours of incubation, the plates were fixed 
with 5% acetic acid, the diameter of the resulting zones of lysis 
were measured and the areas of lysis were calculated. In the present 
investigation, each square mm of lysis was reported as 1 unit of PA. 
Lysozyme secretion was measured by incubating 2 ml of 0.25 mg/ml 
Micrococcus lysodeikticus in 67 mM phosphate buffer, pH 6.3, together 
with 1 ml of harvested culture media. The changes in turbidity after 
5 min were compared to that caused by egg white lysozyme (17) and 
reported as ng egg white lysozyme. 
The Student's t test was used to determine the significance 
of differences between treatments of AM. 
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RESULTS 
Pulmonary pathogenesis Two days after the i.v. injection of 
FCA, the swine lungs contained a diffuse interstitial infiltration 
of macrophages and neutrophils with a few eosinophils. At seven 
days, the interstitial infiltration increased in intensity and 
consisted mainly of macrophages and eosinophils. Granulomata were 
unorganized (Figure 4.1) and consisted of macrophages, eosinophils 
and a few epithelioid cells. The bronchioles were edematous and 
contained mucus, eosinophils and macrophages. At 14 days, granulomata 
were organized and some contained foci of eosinophils with accom­
panying necrosis (Figure 4.2). Most granulomata were located subpleural 
and along the interlobular septa. Moderate lymphocytic infiltration 
was noted as well as inflammatory cells within the bronchioles. At 
21 days, the granulomata were well organized and consisted of giant 
cells, macrophages, lymphocytes and a whorl of epithelioid cells. 
Eosinophil infiltration was less intense but many of the granulomata 
contained centers undergoing necrosis where eosinophils had accumulated. 
There were signs of early fibrosis and the bronchioles contained few 
inflammatory cells. In less-affected areas of the lungs, there was 
a mild multifocal diffuse interstitial thickening of alveolar walls. 
Differential counts of the free alveolar cells lavaged from 
the swine lungs before and during the granulomatous response are 
shown in Table 4.1. Before the injection of FCA, the free alveolar 
cells consisted primarily of AM and lymphocytes. After FCA injection. 
Table 4.1. Free alveolar cells lavaged before and after FCA injection 
FCA 
Dayb 
Percent of FAC® 
AM LYM EOS NEUT 
0 51±6^ 33±5 1 + 1 5+2 
2 49±15 21+6 4±3 26+12 
7 50±10 23±3 6+4 21+8 
14 44±16 21+2 24+20 11±2 
21 54±4 24±7 18±R 4+2 
28 70±4 22+3 6+2 2+1 
^AM = Alveolar macrophage, LYM = Lymphocyte, EOS = Eosinophil; NEUT = Neutrophil. 
^Days after FCA injection of the animals. 
^Mean percentages±standard deviations. 
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there was an initial increase in neutrophils which peaked at two 
days and eventually gave way to increases in eosinophils which reached 
their highest levels at day 14. At 28 days, the lavaged free alveolar 
cells were nearly back to the same profile seen before FCA injection. 
Thus, the differential counts of the free alveolar cells, obtained by 
pulmonary lavage, reflected the types of cells infiltrating the 
pulmonary interstitial spaces during the development of granulomata. 
The AM from the pulmonary lavages stained intensely for acid 
phosphatase and nonspecific esterase activities and did not appear to 
change in intensity after FCA injection. 
Cultivation of alveolar macrophages The AM collected from 
the swine before FCA injection did not change in appearance with 
extended culturing. There was an initial adherence and spreading 
of cells with the loss of cells other than AM by day 2. Upon extended 
culture, the AM retained their original size and rounded configuration 
(Figure 4.3). The formation of MGC in these cultures was extremely 
rare. After the addition of zymosan particles to some of the cultures, 
the cells seemed to spread more on the plastic and thus appeared to 
increase in size. At 7 days of culture less than 5% of the AM in 
these cultures had formed MGC. 
Upon cultivation, the AM collected from swine after FCA injection 
initially appeared as normal AM. However, on the third day of culture, 
many of the AM had assumed epithelioid-like morphology with extensive 
cytoplasmic spreading and enlarged, rounded nuclei. On day 4, more 
of these cells had begun to fuse and on the seventh day of culture, 
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approximately 60% of the AM had fused into MGC (Figure 4.5) containing 
numerous muclei with distinct nucleoli (Figure 4.6). 
The addition of zymosan to the cultures of AM obtained from the 
granulomatous swine lungs, accelerated the development of the MGC. 
Epithelioid cells were apparent on day 3 (Figure 4.4) and 90% of the 
AM had fused to form MGC on day 7 of culture (Figure 4.7). These 
MGC contained numerous zymosan particles which accumulated as the 
zymosan laden AM fused (Figure 4.8). 
The central and perinuclear regions of the MGC stained intensly 
for acid phosphatase activity. Staining for nonspecific esterase 
activity in the MGC was also strong but was more diffuse and peripheral 
than the acid phosphatase activity. 
Secretion of PA and lysozyme The total amount of PA secreted 
by the AM over 10 days of culture is given in Table 4.2. The AM 
collected from swine before FCA injection secreted a significant 
amount of PA. The injection of FCA resulted in increased secretion 
of PA with the highest amounts being secreted by AM collected from 
animals 7 days after FCA injection (P<.06). The endocytosis of 
zymosan also caused increased PA secretion, the most significant effect 
being seen within AM collected before FCA injection (P<.08). Three 
fold increases in PA secretion were caused by the combined effect of 
FCA injection (after 7 and 14 days) and zymosan phagocytosis (P<.04). 
Cultures of collected 28 days after FCA injection exhibited PA 
secretion levels close to that of the normal AM. However, in these 
same cultures only about one-third of the original number of AM 
Figure 4. 1. Lung tissue 7 days after i.v. injection of 
swine with FCA. Note interstitial infiltration 
of macrophages, neutrophils, and eosinophils. 
A few epithelioid cells are present but granuloma 
is not yet organized. H and E Stain, XI70. 
Figure 4. 2. Lung tissue 14 days after i.v. injection of swine 
with FCA. Note massive interstial infiltration 
of macrophages and eosinophils. The granuloma 
is well organized and consists of a center 
undergoing necrosis surrounded by a whorl of 
epithelioid cells. H and E Stain, X170. 
Figure 4. 3. Three day culture of AM from a normal animal. Note 
rounded configuration. H and E Stain, X440. 
Figure 4. 4. Three day culture of AM from an animal injected 
with FCA and treated with zymosan on the first day 
of culture. Note the phagocytized zymosan, the 
pale and swollen nuclei and the extensive cytoplasmic 
spreading as compared to normal AM in Figure 4.3. 
H and E Stain, X440 
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Table 4.2. Total PA secretion by cultures of AM collected before 
and after FCA injection 
Before FCA injection 
After FCA injection 
7 days 
14 days 
28 days 
Cultures without 
Zymosan 
424±13^ 
1110±51 
1082±106 
453±6 
Cultures with^ 
Zymosan 
932±32 
1442±103 
1560+72 
672±35 
^Cultures which phagocytized zymosan particles after the 
first day of cultivation. 
^Means of total PA secreted by cultures over 10 day period ± 
standard deviations, n=2. 
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survived the first 3 days of culture. It is possible that many of 
the cells collected after 28 days contained increased numbers of AM 
that were in some way rendered less viable by the granulomatous 
response. 
The amounts of PA secreted daily by AM are plotted in Figures 
4.9 and 4.10. The AM obtained from animals before and after FCA 
injection, began to secrete PA between days 2 and 3 of culture. In 
both groups, the daily secretion increased until about day 5 when the 
secretion rate became constant. Phagocytosis of zymosan caused an 
initial burst of PA secretion which eventually decreased and leveled 
off at nearly the same secretory rate of the AM not treated with 
zymosan. The daily secretory rates of lysozyme by AM are plotted in 
Figures 4.11 and 4.12. Neither FCA injection nor phagocytosis of 
zymosan affected the rate of lysozyme secretion. In all groups, 
lysozyme secretion began on the first day, peaked between days 3 and 
5 and slowly decreased until the termination of the experiment. 
Figure 4. 9. Daily secretion of PA by cultures of AM collected 
from swine before i.v. injection of FCA, o -o 
equals untreated AM, # # equals zymosan treated 
AM. Points represent means of areas of lysis caused 
by 80 ul of culture medium after 24 hours ± 
standard deviations. 
Figure 4. 10. Daily secretion of PA by cultures of AM collected 
from swine 7 and 14 days after i.v. injection of 
FCA, A- A equals untreated AM, A • equals 
zymosan treated AM. Points represent means of areas 
of lysis caused by 80 ul of culture medium after 
24 hours ± standard deviations. 
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Figure 4. 11. Daily secretion of lysozyme by cultures of AM 
collected from swine before i.v. injection of 
FCA, 0 -0 equals untreated AM, # equals 
zymosan treated AM. Points represent the equivalent of 
ng egg white lysozyme per ml of culture medium ± 
standard deviations. 
Figure 4. 12. Daily secretion of lysozyme by cultures of AM 
collected from swine 14 days after i.v. injection 
of FCA, A—-A equals untreated AM, A A equals 
zymosan treated AM. Points represent the equivalent 
of ng egg white lysozyme per ml of culture medium ± 
standard deviations. 
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DISCUSSION 
In the present investigation, we found that the i.v. injection 
of swine with FCA provides a useful model for the study of the role 
of AM in pulmonary granuloma formation. Initially, the FCA caused an 
interstitial infiltration of inflammatory cells which, by 21 days, had 
formed well-organized granulomata consisting of macrophages, MGC, 
epithelioid cells, eosinophils and lymphocytes. Many of the granu­
lomata contained centers undergoing necrosis which had accumulations 
of eosinophils. This response is similar to the pulmonary responses 
of other animals injected with FCA (18). We also found that cells 
collected by segmental pulmonary lavage during granuloma formation 
reflected the types of cells infiltrating the interstitial spaces at 
that time. Thus, it is likely that the cells collected by lavage 
were representative of the cells taking part in the granulomatous 
response. 
Based on histological criteria, the observed FCA elicited response 
is similar to a hypersensitivity type granuloma (19). Although the 
prior sensitization of the animals was not necessary to initiate the 
response, it is possible that the antigen (mycobacteria) in the 
adjuvant was slowly released and through its persistence acted as 
both sensitizing and eliciting doses. The importance of the 
persistence and insolubility of an antigen in the elicitation of 
hypersensitivity granulomata has been shown by McGee et al. (20). 
Morphological characteristics and secretory capacities of cultured 
78 
AM collected before and during pulmonary granuloma formation were also 
studied. The results indicate that phagocytosis of zymosan had little 
effect on the appearance of the resident AM. However, AM collected 
after FCA injection did change significantly upon cultivation. 
Initially, the AM appeared normal but eventually many assumed an 
epithelioid appearance and subsequently fused to form MGC. Phago­
cytosis of zymosan by these AM on day 1 of culture accelerated and 
intensified the MGC formation with up to 90% of the AM having fused 
at day 7 of culture. The in vitro fusion of AM to form MGC has been 
reported by several investigators (21, 22), and in one case, it 
was shown to be mediated by a lymphokine (22) termed "macrophage 
fusion factor". However, it is not known whether a lymphokine was 
involved in AM fusion in the present investigation. It is possible 
that increased numbers of recently arrived monocytes in the lavaged 
cells caused the MGC formation. It has been shown that newly 
emigrated monocytes are necessary for the development of MGC (6) and 
that these cells are capable of fusing with resident macrophages to 
form MGC. Although the mechanism of AM fusion is not known, it is 
apparent that some in vivo event was responsible for the ultimate 
fusion of the AM in vitro, since MGC were only formed by AM from 
animals injected with FCA. It is also of interest that in the present 
investigation, phagocytosis enhanced the formation of MGC. Parks 
and Weiser (22) also found that phagocytosis enhanced the fusion of 
AM which was initiated by macrophage fusion factor. However, in our 
investigation, phagocytosis was not the mechanism of fusion as has 
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been suggested by Chambers (23). If phagocytosis was the mechanism 
of fusion, MGC would have been observed immediately after phagocytosis 
and not, as indicated in our experiments, two days later. It appears 
then that in this investigation, some in vivo event primed the AM 
for fusion, which occurred in vitro, and was enhanced by phagocytosis. 
The AM and the MGC displayed similar intracellular enzyme 
activities with both these cell types staining intensely for acid 
phosphatase and nonspecific esterase activities. It is of interest 
that the patterns of staining exhibited by the MGC in the present 
investigation, were similar to the patterns described for MGC that 
had formed in vivo (24). This suggests that the MGC observed in our 
studies represent a naturally occurring process and not merely an 
in vitro artifact. 
We also found that cultures of AM as well as cultures of AM 
containing MGC were capable of secreting PA and lysozyme. We believe 
the MGC were secreting at least some of the PA detected. Indirect 
evidence in support of this notion is that cultures which secreted the 
highest amounts of PA also eventually contained the greatest numbers 
of MGC. The most striking example of this is seen in Figure 4.10. 
The cultures of AM which were treated with zymosan secreted more PA 
between days 5 and 10 of culture than did any other group of AM. 
These same cultures also contained the greatest number of AM which had 
fused to form MGC (90%). Thus, it is likely that the MGC accounted for 
much of the PA secreted by cultures in which they were present. 
It is also probable that the MGC secreted part of the lysozyme 
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detected in the media of cultures containing AM and MGC. As was the 
case with PA, if MGC had not secreted lysozyme the cultures without 
the MGC should have secreted more lysozyme. In fact, neither 
phagocytosis of zymosan nor FCA injection of animals, both of which 
enhanced MGC formation, affected lysozyme secretion. These results 
are consistent with the results of Gordon et al. (25) who found that 
lysozyme released by macrophages was not affected by stimuli known 
to activate macrophages. 
Unlike lysozyme, PA is not a constitutive secretion product 
of macrophages since its release is influenced by inflarmatory (26) 
and endocytic stimuli (13) as well as products of lymphocytes (27). 
Although resident macrophages do not normally secrete PA (26), in 
our experiments the normal AM secreted significant amounts of PA. 
This discrepancy may have been due to the constant exposure of 
resident AM to external stimuli and the resulting difficulty of 
obtaining unmodified, resident AM (28). The secretion of PA was 
also elevated in the AM collected from FCA injected swine. The 
increased PA release, like MGC formation, may have been due to an 
increased influx of blood monocytes into the lungs. Evidence exists 
that at inflammatory sites, it is the recently elicited monocytes 
which secrete PA (29). We also found that zymosan caused a burst of 
increased release of PA by both resident and FCA elicited AM. 
Phagocytosis of zymosan has been shown to increase PA secretion by 
resident mouse peritoneal macrophages (13);. however, the secretion 
of PA by elicited mouse peritoneal macrophages was not influenced 
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by zymosan ingestion. 
We have shown that FCA injection and phagocytosis of zymosan 
increased PA release by AM. The secretion of the neutral proteinase, 
PA, may then react with plasminogen found in tissue fluids, to 
generate plasmin. Plasmin is not only capable of fibrinolysis, it 
also can interact with components of the complement, coagulation and 
kinin systems generating pharmacologically active peptides (28). 
These peptides increase vascular permeability and also act as 
chemotactic stimuli for inflammatory cells. Therefore, it is 
reasonable to assume that PA secretion by AM could have caused much 
of the inflammatory response elicited with FCA. We have also presented 
evidence that MGC can secrete PA and lysozyme in vitro. These results 
strengthen recent suggestions that MGC can act as secretory cells 
(8, 9). 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
82 
REFERENCES 
Elusse Van OUO Alblas, A., and R. Van Furth. 1979. Origin, 
kinetics, and characteristics of pulmonary macrophages in the 
normal steady state. J. Exp. Med. 149:1504-1518. 
Stankus, R. P., F. M. Cashner, and J. E. Salvaggio. 1978. 
Bronchopulmonary macrophage activation in the pathogenesis of 
hypersensitivity pneumonitis. J. Immunol. 120:685-688. 
Papadimitriou, J. M., T. A. Robertson, and M. N.-I. Walters. 
1975. An analysis of the phagocytic potential of multinucleate 
foreign body giant cells. Am. J. Pathol. 78:343-354. 
Spector, W. G., and A. W. J. Lykke. 1966. The cellular 
evolution of inflammatory granulomata. J. Pathol. Bacteriol. 
96:163-177. 
Boros, D. L. 1978. Granulomatous inflammations. Prog. Allergy. 
24:183-267. 
Papadimitriou, J. M. 1978. Macrophage fusion in vivo and 
in vitro: a review in G. Poste and G. L. Ni col son, eds. Membrane 
fusion. North-Holland, Amsterdam. 
Spector, W. G. 1976. Epithelioid cells, giant cells and 
sarcoidosis- Ann. N. Y. Acad. Sci. 278:3-6. 
Yamashite, K., T. Iwamoto, and S. lijima. 1978. Immunohisto-
chemical observation of lysozyme in macrophages and giant cells 
in human granulomas. Acta Path. Jap. 28:689-695. 
Lobo, A., I. Carr, and D. Malcolm. 1978. The E.M. immuno-
cytochemical demonstration of lysozyme in macrophage giant cells 
in sarcoidosis. Experientia 34:1088-1089. 
Papadimitriou, J. M., and S. H. Wee. 1976. Selective release 
of lysosomal enzymes from cell populations containing multinucleate 
giant cells. J. Path. 120:193-199. 
Harmsen, A. G., J. R. Birmingham, R. L. Engen, and E. L. Jeska. 
1979. A method for obtaining swine alveolar macrophages by 
segmental pulmonary lavage. J. Immunol. Meth. 27:199-202. 
Unkeless, J. C., K. Dan#, G. Kellerman, and E. Reich. 1974. 
Fibrinolysis associated with oncogenic transformation: partial 
purification and characterization of the cell factor-a plasminogen 
activator. J. Biol. Chem. 249:4295-4305. 
83 
13. Schnyder, J., and Baggiolini, M. 1978. The role of phagocytosis 
in the activation of macrophages. J. Exp. Med. 148:1449-1457. 
14. Lake, B. D. 1965. The histochemistry of phosphatases: The 
use of lead acetate instead of lead nitrate. J. Roy. Micro. 
Soc. 85:73-75. 
15. Li, C. Y., K. W. Lam, and L. T. Yam. 1973. Esterases in human 
leukocytes. J. Histochem. Cytochem. 21:7-12. 
16. Granelli-Piperno, A., and E. Reich. 1978. A study of proteases 
and protease-inhibitor complexes in biological fluids. J. 
Exp. Med. 148:223-234. 
17. Parry, R. M. J., R. C. Chandau, and K. M. Shaham. 1965. 
A rapid and sensitive assay of neuramidase. Proc. Soc. Exp. 
Biol. Med. 119:384-386. 
18. Laufer, A., T. Chloe, and A. J. Behar. 1959. Effect of adjuvant 
(Freund's type) and its components on the organs of various 
animal species. A comparative study. Br. J. Exp. Path. 40:1-7. 
19. Warren, K. S. 1976. A functional classification of granulomatous 
inflammation. Ann. N. Y. Acad. Sci. 278:7-17. 
20. McGee, M. P., Q. N. Myruik, and E. S. Leake. 1978. Organization 
of allergic granulomas and dependence on insoluble antigen. 
J. Reticuloendothel. Soc. 24:253-262. 
21. Gallindo, B., J. Lazdins, and R. Castillo. 1974. Fusion of 
normal alveolar macrophages induced by supernatant fluids from 
BCG sensitized lymph node cells after elicitation by antigen. 
Infect. Immun. 9:212-216. 
22. Parks, D. E., and R. S. Weiser. 1975. The role of phagocytosis 
and natural lymphokines in the fusion of alveolar macrophages 
to form Langhans giant cells. J. Reticuloendothel. Soc. 17: 
219-228. 
23. Chambers, T. J, 1978. Multinucleate giant cells. J. Path. 
126:125-148. 
24. Papadimitriou, J. M., and P. A. Wyche. 1974. An examination 
of murine foreign body giant cells using cytochemical techniques 
and thin layer chromatography. J. Path. 114:75-83. 
25. Gordon, S., J. Todd, and Z. A. Cohn. 1974. In vitro synthesis 
and secretion of lysozyme by mononuclear phagocytes. J. Exp. 
Med. 139:1228-1248. 
84 
26. Unkeless, J. C., S. Gordon, and E. Reich. 1974. Secretion 
of plasminogen activator by stimulated macrophages. J. Exp. 
Med. 139:834-849. 
27. Vassalli, J.-D., and E. Reich. 1977. Macrophage plasminogen 
activator: induction by products of activated lymphoid 
cells. J. Exp. Med. 145:429-437. 
28. Gordon, S. 1977. Macrophage neutral proteinase and defense 
of the lung. Fed. Proc. 36:2702-2711. 
29. Hamilton, J., J.-D. Vassalli, and E. Reich. 1976. Macrophage 
plasminogen activator: induction by asbestos is blocked by 
anti-inflammatory steroids. J. Exp. Med. 144:1689-1694. 
85 
SUMMARY AND DISCUSSION 
A method for obtaining alveolar macrophages (AM) from anesthetized 
iwine was described. Since the technique did not necessitate killing 
the animal, AM could be collected from the same animal, before and 
after treatment with various stimuli. Thus, it was possible to study 
resident AM and elicited AM within the same animal. The method 
also made it possible to lavage the deep areas of the lung with 
little upper airway contamination. This is an important advantage 
since cells from the deeper areas of the lung exhibited greater 
in vitro viability than did the cells lavaged from the upper airways. 
The technique had no adverse effects on the animals even when repeated 
on the same animal several days later. 
Rabbit anti-swine AM serum was used to determine the antigenic 
relationship of AM to other cells of the porcine mononuclear phagocyte 
system. The antiserum was capable of lysing AM at dilutions of up 
to 1/3125 when guinea pig complement was present. Portions of the 
antiserum were absorbed with various swine cells. The absorbed 
antisera were then capable of detecting at least four antigens on AM: 
one was shared with RBC; a second was shared with WBC and Kupffer 
cells; a third was shared with peritoneal macrophages; and a fourth 
was confined to cultured monocytes and AM. The antigens on AM detected 
by the antiserum were not found on macrophages from either guinea pigs 
or mice. 
The presence of Fc and complement (C) receptors on porcine AM 
86 
from normal, Freund's Complete Adjuvant (FCA) injected and Toxoplasma 
gondii infected swine was examined. Nearly all of the AM (90%) from 
each group of animals exhibited Fc receptors for IgG while Fc 
receptors for IgM were not demonstrated on any of the swine AM. Only 
23% of the normal AM exhibited C receptors, however, about 70% of the 
AM from FCA injected and J_. gondii infected swine exhibited C receptors. 
The increases in C receptor activities in the AM from the treated 
swine were attributed to an influx of blood monocytes elicited by the 
respective stimuli. 
The roles of Fc and C receptors in phagocytosis of RBC by 
resident and elicited AM were also studied. Anti-sheep RBC IgG 
was capable of mediating both the attachment of and endocytosis of 
sheep RBC. In the absence of IgG, C mediated attachment only, however, 
C could act synergistically with IgG in triggering endocytosis of 
sheep RBC. Although the percent of AM exhibiting C receptors increased 
after FCA injection and T. gondii infection, this increase had no 
effect on the role of C in the phagocytosis of RBC. 
In vitro morphological changes and secretory capacities of AM 
collected from the lungs of swine before and during a granulomatous 
response were studied. The i.v. injection of swine with FCA elicited 
a reaction morphologically similar to a pulmonary hypersensitivity 
granulomatous response. The FAC collected by pulmonary lavage during 
the response, reflected the types of cells infiltrating the interstitial 
spaces of the lungs at the time. Cultures of the FAC yielded 
populations of AM and AM which had fused to form MGC. Evidence 
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was presented that the MGC formation was dependent on the el ici tation 
of blood monocytes. The formation of the MGC was also enhanced by 
zymosan treatment of the AM. The cultures of AM containing MGC were 
shown to secrete large quantities of plasminogen activator and 
lysozyme. The in vitro release of the two enzymes by these cells 
suggests that both AM and MGC may function as secretory cells during 
granuloma formation. Evidence was given that plasmingen activator 
secretion by AM and MGC may be responsible for much of the inflammatory 
response elicited by FCA injection. Several areas of possible future 
research include: 
1. Modulation of C receptors on free AM lavaged from swine 
undergoing a pulmonary granulomatous response was observed. 
It would be of interest to determine if these cells are 
similar to the macrophages within the granuloma. 
2. There is discrepancy in the literature on the ability of 
C receptors to mediate endocytosis by normal and activated 
macrophages. Much of the confusion may have been caused 
by the use of heterologus antibody and complement in these 
tests. Future investigations on the role of C receptors 
in phagocytosis should utilize homologus reagents. 
3. The granulomata induced with FCA in the present investi­
gation, were morphologically similar to hypersensitivity 
granulomata. Future work should determine if the elicitation 
of the granulomata was mediated by products of sensitized 
lymphocytes. Positive skin tests, the presence of migration 
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inhibition factor or the demonstration of an anamnestic 
response to challenge with FCA may indicate a delayed type 
hypersensitivity. 
4. Only AM collected from animals undergoing a granulomatus 
response formed MGC in culture. Other investigators have 
described a lymphokine, termed macrophage fusion factor. 
It would be of interest to determine if the fusion of AM 
observation in this investigation was under the control of 
a lymphokine. 
5. An extensive eosinophilic infiltration was observed in the 
lungs of animals injected with FCA. It was also observed 
that the eosinophils were associated with the necrotizing 
centers of the larger granulomata. It is thought that the 
eosinophil may have a role in suppressing cellular responses. 
It would be of interest to study the role of the eosinophil 
in the FCA granuloma and in particular its association with 
the areas of necrosis. 
6. Although differences were observed in the amount of PA 
secreted by resident and elicited AM, the differences were 
never more than two-fold. It is possible that the observed 
increased release of PA might have merely been due to the 
increased biomass of the elicited AM. Elicited AM exhibited 
greater spreading on plastic and seemed larger than the 
resident AM. It would have been useful to report the PA 
activity in relation to total cellular protein as well as in 
relation to number of cells. 
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APPENDIX 
Figure A. 1. Anesthetized pig with endotracheal tube 
in position. 
Figure A. 2. Anesthetized pig with double lumen catheter 
positioned for segmental pulmonary lavage. 
Figure A. 3. Double lumen catheter with piano wire for 
added ridgidity. 
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Figure A. 4, Erythrocyte-IgG-Am rosettes, AM are from a 
normal animal. Wright's Stain, X170. 
Figure A. 5. Erythrocyte-IgG-C-Am rosettes, AM are from a 
normel animal. Wright's Stain, X170 
Figure A. 6. Erythrocyte-IgW-C-AM rosettes. Am are from a 
normal animal. Wright's Stain, X170. 
Figure A. 7. Erythrocyte-IgM-C-AM rosettes, AM are from a 
FCA injected animal. Wright's Stain, X170. 
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Figure A. 8. Pulmonary granulomata 21 days after elicitation 
with FCA. Granulomata are well organized, contain 
centers of necrosis and are found primarily in the 
subpleural areas of the lung. H and E Stain, X25. 
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